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Global left ventricular function and a modified V 5 electro-
cardiographic (ECG) lead were continuously monitored by 
a radionuclide recorder in 12 normal subjects and 39 
patients with coronary artery disease while the subjects 
were performing various daily activities. The ambulatory 
studies revealed that walking on a level surface caused 11 of 
12 normal subjects and 18 of 32 patients to increase their 
left ventricular ejection fraction by >6% units. 
A transient decrease in left ventricular ejection fraction 
(6 to 18 %) lasting :::0: 1 min was observed on 36 occasions in 
16 patients with coronary artery disease; 12 episodes were 
accompanied by chest pain or shortness of breath and 24 
The repeated occurrence of ischemia has been identified as a 
major predictor of subsequent events in patients with coro-
nary artery disease. The usual approach to evaluating pa-
tients with suspected ischemia employs stress testing with 
electrocardiographic (EeG) monitoring (1,2) frequently sup-
plemented by radio nuclide imaging (3-6) to detect changes in 
global function or regional myocardial perfusion. The com-
bined imaging and EeG approach permits a more complete 
evaluation of the site and extent of ischemia by measuring 
several variables in concert than can be gleaned from the 
measurement of a single variable. Studies in the catheteriza-
tion laboratory that used simultaneous measurement of 
multiple variables, such as changes in the development of 
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were asymptomatic. Electrocardiographic ST segment de-
pression suggestive of ischemia was recorded in 6 of the 12 
symptomatic and 5 of the 24 asymptomatic episodes. In 10 
of the 12 symptomatic episodes, left ventricular ejection 
fraction began to decrease 30 to 90 s before the onset of 
symptoms. 
These studies suggest that continuous monitoring of 
both left ventricular function and the ECG may permit 
stratification of episodes of ST depression suggesting isch-
emia by the degree of left ventricular dysfunction they 
produce. 
(J Am Coll CardioI1988;12:669-79) 
pressure, rate of relaxation, coronary sinus flow, ST seg-
ment depression and utilization of metabolic substrates, 
produced a more complete assessment of the degree of 
ischemia and its impact on left ventricular function than did 
the determination of changes in the ST segment alone (7-10). 
Because ischemia can be induced by a variety of factors (11), 
a more complete understanding of the incidence and severity 
of ischemia may be obtained by continuously monitoring 
people with known coronary artery disease as they perform 
daily activities. 
Recent studies have suggested that sophisticated analyses 
of Holter EeG recordings can define ischemia in an ambu-
latory setting on the basis of incidence and duration of 
transient ST segment changes (12-20). However, "false 
positive" EeG responses may occur when ST segment 
depression is not associated with evidence of ischemia (21-
25). Similarly, some episodes of ischemia may not be accom-
panied by ST segment depression (26). These observations 
suggest that measurement of multiple variables may provide 
a better understanding of the importance of ST segment 
changes on the EeG, 
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In 1979 an instrument was described for the simultaneous 
measurement of ECG and global ventricular function with 
the use of radio nuclide techniques (27). The instrument 
monitored the patients' left ventricular blood pool after an 
equilibrium blood pool scan was recorded. Once fitted with 
the device, subjects could wear the instrument for several 
hours as they went about their usual activities of daily living. 
The left ventricular ejection fraction and ECG were subse-
quently analyzed from data recorded by the instrument. 
Preliminary validation studies (28,29) performed in subjects 
at rest defined the ability of the radionuclide detector device 
to measure ventricular function with the same degree of 
accuracy obtained with gated blood pool scans. Technical 
advances now allow the continuous beat by beat recording of 
radionuclide and ECG data over intervals up to 6 h (29). This 
article describes the serial changes in ventricular function 
and ECG in a series of ambulatory patients with severe 
coronary artery disease as they performed activities of daily 
living. The results in patients are compared with results in a 
series of 12 healthy volunteers as they performed a series of 
similar activities. 
Methods 
Study subjects. Twelve healthy volunteers, aged 21 to 39 
years (mean 28.8), including 4 women and 8 men, and 39 
patients with coronary artery disease, aged 32 to 72 years 
(mean 58.0), including 6 women and 33 men, were studied. 
The volunteers had no history of hypertension or cardiac 
disorders and no abnormal findings on cardiologic examina-
tion. The patients had documentation of coronary artery 
disease by either coronary arteriographic evidence of >50% 
narrowing in one or more vessels (n = 34), or a markedly 
abnormal stress thallium-20I scan (in five patients with a 
high probability of disease). In addition, 24 patients had a 
history of prior infarction. They continued to take their usual 
medication, including 24 of the 34 patients who remained on 
beta-adrenergic blockade therapy. 
The studies on both volunteer subjects and patients with 
heart disease were approved by the Subcommittee on Hu-
man Studies of the Massachusetts General Hospital. 
The VEST. The ambulatory ventricular function monitor 
(Capintec, Inc.) continuously records one channel of the 
ECG in analog form (frequency response> 300 Hz), and a 
beat by beat left ventricular time-activity curve is sampled in 
parallel. During activity, data are recorded on a modified 
Holter style cassette tape for :56 h. At the conclusion of 
monitoring, the tape is read into a minicomputer (Digital; 
PDP-III73) for analysis and display with a temporal resolu-
tion of 7.8 ms. 
The VEST is composed of three modules: 1) a radionu-
clide detector; 2) a molded plastic garment to hold the 
radionuclide detector in place; and 3) electronic devices, 
batteries and recorder. The complete apparatus weighs 3.1 
Figure 1. End-diastolic blood pool image in left anterior oblique 
projection (a), and pre- (b) and post- (c) ambulation positioning 
images with the VEST detector on in the same projection. Note the 
silhouette of the detector positioned over the left ventricular region 
at the beginning and the end of the study. 
kg. In addition to its ability to record the ECG and radionu-
clide data, the recorder contains an event marker and a 
real-time clock. 
Detector positioning. The patient's red blood cells were 
labeled in vivo with 15 to 25 mCi of technetium-99m by the 
method of Callahan et al. (30). Gated blood pool scans were 
recorded in the anterior and left anterior oblique views with 
use of a portable scintillation camera equipped with an 
all-purpose parallel hole collimator (Technicare series 420). 
The data were recorded into a dedicated computer (Techni-
care 550) with a temporal resolution of 16 frames/cardiac 
cycle for a minimum of 200,000 counts/frame (usually ac-
quired in 6 to 8 min/view). The gated scans were analyzed 
using a variable region of interest (GMICA) program. 
At the conclusion of the gated scan, the patient was 
positioned upright in the left anterior oblique position that 
best demonstrated the septum. The plastic garment was 
placed on the patient's chest and the left ventricular detector 
positioned over the left ventricular blood pool. The lead 
shielding around the detector appears as a "negative" area 
on the screen of the oscilloscope. The sensitive area of the 
detector, occupied by the central two-thirds of the silhou-
ette, was centered over the left ventricular blood pool. The 
position of the detector was confirmed by acquiring 20 s 
static images with the gamma camera (Fig. I) The ECG 
electrodes were placed to record a modified V 5 lead. At the 
conclusion of the ambulatory protocol (discussed next) 20 s 
static images were repeated to confirm that the VEST had 
not moved during the recording interval (29). 
Monitoring protocol. Subjects wore the VEST for a mean 
of 2.6 h (range 0.25 to 6). Baseline measurements were made 
while the subjects sat quietly for 2:5 min. Thereafter, they 
stood in place for 2 min and walked in the hospital corridor 
for 2 to 10 min. Typical activities performed while wearing 
the VEST are listed in Table I. The 12 normal subjects and 
16 of the 34 patients with coronary artery disease climbed up 
and down stairs. During these activities, subjects were 
accompanied by a physician, and blood pressure was re-
corded by sphygmomanometry. 
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Table 1. Typical Activities Performed by Normal Volunteers and 
Patients With Coronary Artery Disease (CAD) While Wearing 
the VEST 
Volunteers 
Baseline (sitting) 
Standing quietly 
Walking 
Stairs 
Bicycle (VEST) 
Bicycle (camera) 
Eating 
Patients With CAD 
Baseline (sitting) 
Standing quietly 
Walking 
Stairs 
Walking 
Eating 
Walking 
Ten of the 12 normal subjects and 24 of the 39 patients 
with coronary disease had lunch or dinner during their 
interval of monitoring. Ten normal subjects had two graded 
exercise tests with an upright bicycle ergometer (one with 
the gamma camera and the other with the VEST) separated 
by :::::1 h. To verify the ejection fraction measured by the 
VEST, data were correlated with those recorded by the 
gamma camera at rest and during each step of bicycle 
exercise with the use of a least-squares linear regression 
analysis. 
Data analysis and quality control. Before the VEST data 
were analyzed for cardiac function, the data were reviewed 
for technical adequacy. The average count rate during the 
entire recording interval was displayed. If the detector and 
left ventricular blood pool remained in a constant relation, 
the decay-corrected curve had < 10% deviation from a 
straight line. Sudden shifts in the slope of the line were 
indicative of detector movement or instrument malfunction 
and were a reason to discard the remainder of the data. The 
average count rate ranged from 13,000 to 39,000 counts/so 
When the data passed these screening tests, the beat by beat 
radionuclide and EeG data were summed for 15 to 30 s 
intervals to measure heart rate, ejection fraction, end-
diastolic and end-systolic counts and relative cardiac output 
(heart rate times stroke volume in counts) for the full 
duration of each activity. 
Initial calibration studies in another group of subjects 
were done to test various fixed percentage background 
values. These suggested that a background of 70% of end-
diastolic counts provided ejection fraction values with the 
VEST that correlated with those measured by the gamma 
camera. As a result, ejection fraction was calculated from 
the left ventricular stroke counts divided by the fixed per-
centage background counts (0.3 x end-diastolic counts). 
Relative end-diastolic volume was expressed as 100% at 
time zero. Relative cardiac output was calculated as relative 
stroke volume mUltiplied by heart rate. On the basis of 
previous control studies, an ejection fraction decrease of 
:::::6% units lasting::::: 1 min was considered significant (28). On 
EeG, 1 mm of horizontal or downsloping ST segment at 0.08 
s after the J point lasting::::: 1 min was considered significant. 
Statistics. The results were expressed as mean ± 1 SD. 
Unpaired Student's t tests were used to compare changes in 
variables during various activities with those recorded dur-
ing the baseline interval. A p value <0.05 Was considered 
significant. 
Results 
Review of the average counts for the interval of data 
recording showed a smooth slope in 49 of the 51 subjects. In 
the remaining two patients (one woman and one obese man), 
the data showed a sudden shift in slope indicative of detector 
movement, and data after the shift were discarded. Typical 
beat to beat time-activity and EeG data are shown in Figure 
2, and the 15 s average data used for calculation of trends are 
shown in Figure 3. 
Validation of ejection fraction data (Fig. 4). To assess the 
baseline fluctuation of ejection fraction, the standard devia-
tion of serial 15 s average data collected while the subjects 
sat quietly on a chair was analyzed. The changes ranged 
from 1.1 to 3.5% (mean 2.1%). 
The baseline left ventricular eJection fraction ranged from 
12 to 75% calculated from multigated blood pool scan 
variable region of interest analysis, and from 12 to 73% with 
the VEST (r = 0.92, SEE = 2.7% units). The correlation of 
ejection fraction with the VEST and gamma camera at 
multiple points during repeat ergometer exercise in 10 nor-
mal subjects was r = 0.86 (SEE = 5.7% units). 
In 11 subjects, the VEST was removed and repositioned, 
and a second recording obtained. The two data collections 
were highly correlated (r = 0.94) (SEE = 5.6% units). In 44 
subjects monitored for> 1 h, the baseline ejection fraction at 
the end of the study were correlated with those at the 
beginning of the study (r = 0.92) (SEE = 2.7% units). 
Cardiac Response During Activities of 
Daily Living 
Walking (Fig. 5). Brisk walking, at a speed of 3 to 4 miles/ 
h (if possible) in a hospital corridor, caused an increase in 
ejection fraction of 10.0 ± 4.7% units for normal subjects and 
5.7 + 4.6% units for the patients with coronary artery disease 
(p < 0.01) (Table 2). The ejection fraction changes were not 
significantly different in the subjects receiving a beta-
adrenergic blocker (6.0 ± 4.6 versus 5.2 ± 4.7% units in those 
not receiving a beta blocker). An increase (:::::6%) in ejection 
fraction was observed in 11 (92%) of the 12 normal subjects 
and 18 (46%) of the 39 patients with coronary artery disease. 
Heart rate during brisk walking increased to 103 ± 24 
beats/min in normal subjects and to 79 ± 20 in the patients 
(p < 0.005) (Table 2). The heart rate was lower in patients 
taking a beta-blocker (72 ± 19 versus 90 ± 17 beats/min 
without beta-blockade, p < 0.01) (Table 3). 
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Figure 2. Representative recording of the beat to 
beat left ventricular time/activity curve and electro-
cardiogram from a patient with sinus rhythm. Each 
marker at the bottom represents 1 s. Note the 
gradual change in volume from beat to beat caused 
by respiration. 
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Stair climbing (Fig. 5). This was carried out by all 12 
normal subjects (at a brisk pace) and by 16 of the 39 patients 
with coronary artery disease (at their usual pace). The 
ejection fraction changes during the final 30 s of stair 
climbing increased an average of 18.0 ± 9.7% units in the 
normal subjects and 4.1 ± 7.3% units in the patients (p < 
0.001) (Table 2). The ejection fraction changes were 3.5 ± 
6.4% units in 10 patients with beta-blockade and 5.2 ± 9.2% 
units in 6 patients without beta-blockade (p = ns) (Table 3). 
Heart rate increased to 151 ± 32 beats/min in normal 
subjects and to 92 ± 20 beats/min in coronary patients (p < 
0.001) (Table 2). Systolic blood pressure was higher in 
normal subjects (166 ± 14 mm Hg) than in patients with 
coronary artery disease (134 ± 26 mm Hg) (p < 0.001). 
Eating. Ten normal subjects and 24 patients with coro-
nary artery disease were monitored while they were having 
o 
20 
, 
lunch or dinner. Neither heart rate nor ejection fraction 
changed significantly as a result of eating (Table 3). 
Ischemic episodes. Left ventricular function was continu-
ously monitored for a mean of 2.6 ± 1.3 h (range 0.25 to 6) 
in the 39 patients with coronary artery disease. A total of 36 
episodes of transiently decreased ejection fraction 2:6% 
units lasting 2: 1 min was recorded in 16 patients (Fig. 6) 
during the interval of ambulatory data recording. Ten pa-
tients had two or more episodes of a transient decrease in 
ejection fraction, and seven had both symptomatic and 
asymptomatic episodes (Table 4). 
A trend analysis plot of a representative episode of 
ischemia that developed during walking is shown in Figure 
7. The ejection fraction gradually decreased, accompanied 
by ST segment depression. Approximately 1 min later, the 
patient began to experience chest pain that increased in 
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Figure 3. A representative display of 15 s averaged 
volume curve (dots) and the fitted curve (line) (top), 
averaged electrocardiogram (middle) and RR interval 
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Figure 4. Correlation of 15 s averaged ejection 
fraction (EF) obtained by the VEST with that by 
the gamma camera (MUGA) at rest (A) and 
during each step of graded bicycle exercise (8). 
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intensity and was associated with an additional decrease in 
ejection fraction. The patient stopped walking, took a nitro-
glycerin tablet and had gradual relief of pain with improve-
ment in ejection fraction and ST changes. 
Twelve of the 36 episodes of decreased ejection fraction 
were accompanied by either typical anginal chest pain or 
angina-equivalent symptoms, whereas 24 episodes were 
painless. The VEST detected ST segment changes in 6 of the 
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Table 2. Results of Heart Rate, Systolic Blood Pressure and 
Ejection Fraction Measurements in Normal Subjects and 39 
Patients With Coronary Artery Disease (CAD) During Daily 
Activities 
Volunteers CAD Patients p Value 
Rest 
n 12 39 
Heart rate (beats/min) 76 ± 18 69 ± 15 NS 
SBP (mm Hg) 116 ± 18 121 ± 13 NS 
EF (No. units) 55 ± 8 42 ± 12 <0.001 
Walking 
n 12 32 
Heart rate (beats/min) 103 ± 24 79 ± 20 <0.005 
SBP(mm Hg) 134 ± 17 134 ± 17 NS 
EF (no units) 66 ± 7 47 ± 15 <0.001 
EF change 10.0 ± 4.5 5.7 ± 4.6 <0.01 
Climbing stairs 
n 12 16 
Heart rate (beats/min) 151 ± 32 92 ± 20 <0.001 
SBP(mmHG) 166 ± 14 134 ± 26 <0.001 
EF (% units) 74 ± 12 47 ± 14 <0.001 
EF change 18.0 ± 9.7 4.1±7.3 <0.001 
Eating 
n 10 24 
Heart rate (beats/min) 87 ± 15 74 ± 14 <0.05 
EF (% units) 57 ± 9 45 ± 14 <0.01 
EF change 1.5 ± 3.1 3.0 ± 3.0 NS 
EF = ejection fraction; SBP = systolic blood pressure. 
PATIENTS NORMALS PATIENTS 
Figure 5. Ejection fraction changes during walking (left) and climb-
ing up stairs (right) in normal subjects and patients with coronary 
artery disease. 
12 symptomatic episodes. There were three symptomatic 
episodes in a patient with left bundle branch block. In JO of 
the 12 symptomatic episodes, ejection fraction decreased 30 
to 90 s before the onset of symptoms. 
Of the 24 painless episodes of decreased ejection fraction, 
5 were associated with ST segment changes on ECG, sug-
gesting silent ischemia; 2 episodes occurred in patients with 
left bundle branch block. The remaining 17 painless episodes 
of ejection fraction decrease occurred in the absence of ST 
segment changes in 11 patients, 4 (36%) of whom also had 
another symptomatic episode or transient episode of signif-
icant ST segment depression on ECG during VEST moni-
toring. 
The VEST detected 14 episodes of significant ST segment 
depression in five patients (Fig. 8). Eleven of the episodes 
were associated with a significant decrease in ejection frac-
tion. The three episodes without an associated decrease in 
ejection fraction occurred during exercise (one episode), 
lying in bed (one) and sitting (one). The latter episode was 
accompanied by transient shortness of breath. 
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Table 3. Results of Heart Rate, Systolic Blood Pressure and 
Ejection Fraction in 39 Patients With Coronary Artery Disease 
With and Without Beta-Blockade Therapy 
Beta-Blockade No Beta-Blockade p Value 
Rest 
n 24 15 
Heart rate (beats/min) 62 :t 8 82 :t 16 <0.001 
SBP (mm Hg) 119 :t 12 120 :t 15 NS 
EF (no units) 44 :t 11 38 :t 14 NS 
Walking 
n 20 12 
Heart rate (beats/min) 72 :t 19 90:t 17 <0.005 
SBP (mm Hg) 129 :t 15 144 :t 17 <0.05 
EF (% units) 49 :t 13 43 :t 18 NS 
EF change 6.0 :t 4.6 5.2 :t 4.7 NS 
Climbing stairs 
n 10 6 
Heart rate (beats/min) 87 :t 9 99:t 30 NS 
SBP (mm Hg) 139:t 19 125 :t 39 NS 
EF (no units) 43 :t 15 52:t 11 NS 
EF change 3.5 :t 6.4 5.2 :t 9.2 NS 
Eating 
n 16 8 
Heart rate (beats/min) 68 :t 9 85 :t 16 <0.005 
EF (% units) 48 :t 11 40 :t 19 NS 
EF change 3.7 :t 2.6 1.5 :t 3.2 <0.05 
Abbreviations as in Table 2. 
Discussion 
ECG monitoring. The current diagnostic standard for the 
detection of ischemia during the performance of activities of 
daily living is ambulatory ECG monitoring, which has been 
extensively studied for evaluation of symptomatic and silent 
ischemia (12-20). The correlation of asymptomatic ST seg-
ment changes with hemodynamic evidence of left ventricular 
dysfunction (18), reduction of myocardial perfusion (31,32) 
and reduction of the frequency of ischemia by nitroglycerin 
(14) all confirm the well accepted observation that ST 
segment changes usually identify ischemia. On the other 
hand, several investigators (21-25) have urged caution in the 
use of ST segment depression on Holter recordings as a 
marker of ischemia because artifacts or nonischemic phe-
nomena can cause ST segment changes. The present study 
does not resolve this controversy but suggests that the 
functional importance of the changes in ST segments can be 
determined by simultaneous recording of the left ventricular 
time-activity curve by a radionuclide detector. Whereas we 
observed 3 episodes of ST segment depression that were not 
associated with a decrease in ejection fraction, II episodes 
were so associated. Of the three episodes occurring without 
a decrease in ejection fraction, two were due to postural 
changes or exercise. In addition, ST segment changes were 
not interpretable in patients with left bundle branch block, as 
seen in two patients in our study. 
Left ventricular function monitoring. A practical bedside 
device ("the nuclear stethescope") for the repetitive mea-
surement of left ventricular function was described in 1976 
by Wagner et at. (33). Several studies with this device 
showed excellent correlation between the probe measure-
ment of left ventricular ejection fraction and that recorded 
with the gamma camera or contrast ventriculography (34-
36). Multiple ejection fraction determinations made either on 
the same day or over intervals of weeks showed a reproduc-
ibility of ±5% units (37). The prototype version of the VEST 
extended this concept to permit the continuous measure-
ment of left ventriCular function in an everyday environment 
(27,28). As observed in the studies with the nuclear stetho-
scope cited previously, the ejection fraction calculated from 
the 15 to 30 s average time-activity curves recorded with the 
VEST correlated well with those observed with the gamma 
camera in both normal subjects (29) and patients with 
coronary artery disease (r == 0.92, SEE == 2.7% units). The 
use of parallel hole collimation and a 6 cm diameter VEST 
detector sampled the entire left ventricular blood pool of 
normal and moderately enlarged left ventricles, as indicated 
by the data in Figure 4. The average data were selected to 
compute the ejection fraction to reduce the statistical fluc-
tuation of the end-diastolic count rate to <3%. As with the 
nuclear stethoscope, we observed a variation in ejection 
fraction from one 15 s interval to the next in normal subjects. 
Based on this variation, we selected both a 2:6% unit 
magnitude and a 60 s duration of change in ejection fraction 
as physiologically significant. 
Assessment of ischemic episodes. During an interval of <3 
h monitoring, several patients with coronary artery disease 
showed both symptomatic and asymptomatic episodes of 
Transient EF fall 
(36eps) 
~.16Pts~ 
Symptomatic Asymptomatic 
(12eps) (24eps) 
Figure 6. Number of episodes of decrease in ejection 
fraction during ventricular function monitoring in 39 
patients with coronary artery disease. (eps = episodes; 
pts = patients) /'I~ /I~ 
with ST without ST LBBB 
changes changes 
(6eps) (3eps) 
4pts 3pts 
(3eps) 
1pt 
with ST 
changes 
(Seps) 
3pts 
without ST 
changes 
(17eps) 
11pts 
LBBB 
(2eps) 
2pts 
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Table 4. Summary of Cardiac Function in 10 Patients Who Had Multiple Episodes of Decreased Ejection Fraction* 
Baseline Episode Episode Episode Episode 
Case I 
EF(%) 69 63 (-6) 63 (-6) 61 (-8) 61 (-8) 
Duration (min) I I 1.5 1.5 
Heart rate (beats/min) 58 60 (+2) 75 (+17) 83(+25) 73 (+ 15) 
ST change (mm) -I -I -1.4 
Symptom PR PR 
Activity SIT B-EX WLK SIT 
Case 2 
EF(%) 51 41 (-10) 44 (-7) 43 (-8) 43 (-8) 
Duration (min) 4 1.5 1.5 2.5 
Heart rate (beats/min) 75 90 (+15) 70 (-5) 83 (+8) 85 (+10) 
ST change 
Symptom CP CP CP 
Activity STR SIT WLK WLK 
Case 3 
EF(%) 50 42 (-8) 40 (-10) 42 (-8) 
Duration (min) 1.5 2 2 
Heart rate (beats/min) 50 50 (0) 50 (0) 50 (0) 
ST change 
Symptom 
Activity LYG LYG LYG 
Case 4 
EF(%) 45 39 (-6) 39 (-6) 39 (-6) 
Duration 2 min 2 min 4 min 
Heart rate 60 70 (+10) 65 (+5) 70 (+ 10) 
ST change 
Symptom 
Activity WLK SIT SIT 
Case 5 
EF(%) 57 47 (-10) 51 (-6) 49 (-8) 
Duration (min) 4.5 1 1.5 
Heart rate (beats/min) 60 75 (+15) 65 (+5) 65 (+5) 
ST change 
Symptom CP 
Activity SIT SIT SIT 
Case 6 
EF(%) 49 43 (-6) 31 (-18) 43 (-6) 
Duration (min) 1.5 4 1.5 
Heart rate (beats/min) 55 65 (+10) 75 (+20) 70 (+15) 
ST change (mm) -\.2 -1.6 -I 
Symptom CP 
Activity LYG WLK SIT 
Case 7 
EF(%) 49 41 (-8) 36 (-13) 43 (-6) 
Duration (min) 2 4 1.5 
Heart rate (beats/min) 65 85 (+20) 100 (+35) 95 (+30) 
ST change (mm) -1 -1.4 -I 
Symptom AM-P 
Activity WLK STR STR 
Case 8 
EF(%) 30 22 (-8) 24 (-6) 
Duration (min) 2 I 
Heart rate (beats/min) 68 85 (+17) 75 (+7) 
ST change 
Symptom SOB 
Activity WLK SIT 
Case 9 
EF(%) 41 33 (-8) 35 (-6) 
Duration (min) 1.5 2 
Heart rate (beats/min) 55 70 (+15) 70 (+ 15) 
ST change 
Symptom 
Activity SIT WLK 
Case 10 
EF(%) 26 18 (-8) 20 (-6) 
Duration (min) I I 
Heart rate (beats/min) 80 100 (+20) 100(+20) 
ST change 
Symptom SOB 
Activity WLK WLK 
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Episode 
63 (-6) 
1.5 
90 (+32) 
-I 
PR 
B-EX 
*The values during each episode are the mean values for the minute with the lowest ejection fraction. - = no symptom or no ST depression. AR-P = arm 
pain; B-EX- bicycle exercise; CP = chest pain; L YG = lying on bed; PR = chest pressure; SIT = sitting; SOB = shortness of breath; STR = climbing stairs; 
WLK = walking. 
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Figure 7. Changes in left ventricular function and ECG 
during an ischemic episode in a patient with unstable 
angina. The data in this figure were recorded from 
minute 73 through minute 83 of ambulatory monitoring 
(see text). BPM = beats per minute; EDV = end-
diastolic volume; EF = ejection fraction; EJECT = 
ejection; NTG = nitroglycerin; SYST = systolic; VOL 
= volume. 
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decreased ejection fraction. The association of a decrease in 
ejection fraction with ST segment changes on EeG is highly 
suggestive of ischemia. The decrease in ejection fraction in 
the two patients with left bundle branch block is likely to 
represent ischemia because three other episodes of a tran-
sient decrease in ejection fraction in these patients were 
accompanied by typical chest pain. The significance of 
episodes of decreased ejection fraction without ST segment 
changes is more problematic. The failure to identify ST 
changes during these episodes may have been due to inade-
quate EeG monitoring because only one EeG lead was 
recorded. It is likely that these transient decreases in ejec-
tion fraction were due to ischemia because they were not 
observed in any of the normal subjects. In addition, several 
episodes were accompanied by typical chest pain. There-
fore, it may be reasonable to surmise that the episodes 
recorded without EeG changes or chest pain also represent 
ischemia. 
A decrease in ejection fraction may precede ECG evi-
dence of ischemia and may be more sensitive than the ECG 
changes. Experimental studies with coronary ligation (38,39) 
and clinical studies during exercise (40,41) both showed that 
regional wall motiori abnormalities appeared earlier than 
EeG changes. However, additional studies are needed to 
determine whether global left ventricular function changes 
occur early before ST segment changes. Multichannel EeG 
monitoring enhances the sensitivity for detecting ST seg-
ment changes during ischemic episodes (42), and will be 
incorporated in future versions of the VEST. 
Potential errors. Several potential sources of error should 
be considered in the evaluation of VEST radionuclide data. 
l) The left ventricular radionuclide detector mllst be kept 
Transient ST changes 
(14eps) 
~ 5pts ~ 
Figure 8. Number of episodes of ST depression during 
ventricular function monitoring in 39 patients with cor-
onary artery disease. Abbreviations as in Figure 6. 
with EF fall 
(11eps) without EF fall (3eps) 
/~ 
symptomatic 
(6eps) 
4pts 
asymptomatic 
(5eps) 
3pts 
/~ 
symptomatic asymptomatic 
(1eps) (2eps) 
1pt 2pts 
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over the left ventricular blood pool during the entire acqui-
sition. Although the VEST garment was tightly fixed over 
the chest wall, the detector or the heart may move during 
vigorous activities. The position of the detector and the 
blood pool was confirmed by imaging the VEST and cardiac 
blood pool at the beginning and end of the study (29) (Fig. 1). 
The ejection fraction at the end of the study correlated well 
with that at the beginning, suggesting that the detector did 
not dislocate during the study. The quality control step of 
displaying average counts helps identify detector motion 
during data acquisition, In our study, the detector position 
changed in only two patients: one woman and one obese 
man. A different size garment should minimize these prob-
lems in the future. 
2) A constant position of the detector relative to the heart 
does not consider cardiac motion. Cardiac rotation with 
changes in posture, such as lying down, may move the heart 
out of the field of the detector. Some motion can be 
tolerated, however, because the relatively isosensitive field 
of view of the detector permits movement of ± 1.2 cm 
without a significant change in calculated ejection fraction. 
Motion of the detector or the cardiac blood pool of> 1.2 cm 
will cause a change in the overall count rate. The initial 
evaluation of total count rate was designed to detect this 
problem. 
3) A fixed region of interest is used for data acquisition 
and analysis with the VEST, whereas the blood pool scans 
recorded with a gamma camera used a variable region of 
interest (4-6). Although a fixed region of interest used with 
the VEST may overestimate end-systolic volume and under-
estimate ejection fraction, it provides a good correlation with 
that calculated by contrast ventriculography (43). 
4) We used a fixed percent (70%) of end-diastolic counts 
as background activity to calculate ejection fraction, instead 
of the measured background from the second detector. This 
procedure is similar to the method reported by Gandsman et 
al. (44) for calculation of ejection fraction without back-
ground correction. Future studies will incorporate a back-
ground detector to permit monitoring of relative pulmonary 
blood volume for the early identification of altered left 
ventricular diastolic function during exercise (45,46). 
5) Finally, the ECG data recorded with the VEST have 
not been correlated directly with an independent, simulta-
neous, Holter monitor. Because the data logger is a widely 
used Holter ECG recorder, however, the ECG data recorded 
by the VEST should be of similar quality to that obtained by 
conventional Holter monitoring. 
Conclusions. Activities of daily living are associated with 
changes in ejection fraction. Both symptomatic and asymp-
tomatic episodes of transiently decreased ejection fraction 
were observed in patients with coronary artery disease. The 
episodes of decreased ejection fraction were not always 
accompanied by ECG evidence of ischemia, These studies 
suggest that simultaneous ambulatory ECG and ventricular 
function monitoring may offer a better understanding of the 
incidence and severity of symptomatic and silent ischemic 
episodes. 
We gratefully acknowledge the valuable comments of Nathaniel M. Alpert, 
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